Purpose: This study examined the attitudes and beliefs of 442 parents of children with fragile X syndrome (FXS) regarding different screening options for FXS. Methods: A survey was administered to parents of children with FXS across the U.S. Results: Parents indicated their support for voluntary screening for FXS, especially carrier and newborn screening. They also thought advantages of widespread screening to be more likely than disadvantages.
Research on the human genome has spawned a rapid increase in discoveries of genes associated with specific disorders. Diagnostic technology has kept apace as over 400 genetic tests are available in clinical settings, with hundreds more available for research purposes. 1 This new genetic knowledge and technology have generated increased consumer interest in and demand for testing, and debates about who should be tested for what and when. [2] [3] [4] Discussions are now underway regarding the economic, social, and ethical benefits and risks of various genetic tests, and which ones should come under the auspices of public health and state newborn screening programs. 1, 5, 6 Criteria used to determine which disorders are appropriate targets for screening have traditionally included the relative prevalence of the disorder, the availability of an accurate and cost-effective screening procedure, and evidence that screening results in a direct medical benefit to the identified individual. But as tests for more disorders become available, there have been calls from a number of fronts for an expansion of these criteria. Other criteria promoted for consideration include the need for voluntary participation, adequate follow-up and informational systems, and adequate protection against possible social or psychological harm. 7 A recent task force report argued that knowledge about genetic risk is "medically necessary information" and this constitutes a sufficient rationale for screening even if direct medical benefit has not been proven. 8 In these debates, relatively little attention has been paid to the desires of parents and other consumers who might be directly affected by screening programs. Significant participation by consumers on state screening advisory committees is not standard practice, 9 despite the fact that consumers have a fundamental stake in the consequences of screening programs. And although current criteria are generally construed to be protective of consumers and prevent them from being subjected to unwanted screening and unforeseen consequences of it, some research suggests that parents are more supportive of screening than is generally perceived by clinicians or policy makers. 10 Fragile X syndrome (FXS), the most common inherited form of mental retardation, exemplifies many of the issues raised in these debates. FXS is a single-gene disorder caused by a trinucleotide repeat expansion (CGG) at Xq27.3 near the promoter region on the upper end of the FMR1 gene. 11 The range of CGG repeats for someone in the general population is approximately 6 to 54. Women who are premutation carriers have 55 to 200 repeats, are at risk for having a child with the disorder, but typically are themselves unaffected. (Note: Expansion to the full mutation typically only occurs through female transmission. Males with the premutation are not shown to be at risk of having affected children, but their daughters are.) Individuals with 200 or more CGG repeats have a full mutation, usually resulting in methylation of the FMR1 gene that leads to "silencing" of the gene and loss of production of the fragile X mental retardation protein (FMRP). The full mutation is associated with features of FXS in males, whereas females have a more variable phenotype.
FXS results in significant impairments in development and adaptive function. 12, 13 Males with the full mutation usually exhibit moderate to severe intellectual impairment, a range of language disorders, and social and behavioral difficulties, including problems with attention, impulsivity, anxiety, and arousal. 14 As many as 25% to 35% also meet the diagnostic criteria for autism. 15, 16 Females are usually less severely affected and tend to score in the mild-to-average range of intellectual function and display milder but characteristic patterns of social anxiety and challenges in executive function. 17 Estimates of prevalence vary, but a recent review suggests that the number of Caucasian males with the full mutation is approximately 1/4000. Prevalence estimates for the premutation or carrier form of the disorder in Caucasian females range from 1/246 to 1/468, and for Caucasian males, the prevalence of the premutation is approximately 1/1000. 18 Unlike Down syndrome or spina bifida, the defining features of FXS are not so distinctive as to allow identification at birth. Most parents believe that they have given birth to a normal child, and it is only when developmental delays become obvious that parents or physicians become concerned. Research in the U.S. and the United Kingdom demonstrates that parents usually experience a long process of discovering their child's disorder, and often it is not diagnosed until age 3 or older. 19, 20 A recent survey of several hundred parents found numerous negative consequences associated with a later diagnosis. Parents had to "convince" professionals that something was wrong with their child and had to find someone who was knowledgeable enough about FXS to request a DNA test. Their children often missed two or more years of possible early intervention services that would have been available had they been identified earlier. And many families had other children before the diagnosis of FXS in their first child, and as a result, some had two or more children with the disorder. 21 Given the prevalence rates of FXS and the availability of accurate and diagnostic genetic testing that could be used to detect an abnormal fragile X gene before conception, prenatally, or in newborns, discussions have begun weighing the costs and benefits of various options for screening. 18, [22] [23] [24] [25] Potential benefits of early detection include eliminating parents' frustrations of months or years of searching for the reason for the child's delays or behavioral problems, providing immediate access to early intervention services and information about FXS, and providing information relevant to the reproductive decisions of parents and extended family members. 19, 22, 26 Concerns about testing for this and other genetic disorders include the potential that a positive result would cause parents emotional anguish, affect bonding with the child, lead to discrimination and loss of privacy, violate the child's autonomy to choose whether or not to be tested as an adult, be cost prohibitive for widespread use, and increase abortions. 22,26 -29 Newborn screening may be the most likely option in the near future for FXS screening, but currently FXS does not meet all the state newborn screening criteria as established by a series of consensus reports over the past decade. 30, 31 In particular, because there is currently no cure or validated medical treatment, FXS does not meet a strict interpretation of the screening criterion of providing a direct medical benefit for the child, despite the fact that all identified children would immediately be eligible for services under the Individuals with Disabilities Education Act. However, the context in which newborn screening criteria were established is changing dramatically as new genetic knowledge and technologies reconfigure public and policy perspectives. [32] [33] [34] [35] [36] FXS is likely to be a prime candidate for inclusion in expanded newborn screening programs and could be a test case for the inclusion of other disorders for which no medical cure or treatment exists. Much discussion of task forces and state advisory boards will focus on the advantages and disadvantages of FXS screening from medical, economic, and ethical perspectives, but it is important that consumers' perspectives on these and other dimensions be included as well. Recent recommendations by task forces and advocacy groups call for more consumer representation on state advisory boards and committees to insure that those who have used genetic testing and know firsthand the impact of genetic disorder on family life have a voice in determining whether or not new genetic tests and screening policies should be adopted. 4, 9, 31 In addition to consumer representation on advisory boards, more U.S. based research is needed on consumers' attitudes and beliefs about different screening programs, especially those who may be immediately affected by likely changes in newborn screening criteria, such as parents of children with FXS. This article addresses this need by surveying a U. S. sample of parents of children with FXS about their attitudes on the best time for screening for FXS and their beliefs about the ramifications of widespread screening. Although they do not represent all consumers, these parents provide important perspectives from a group that has been significantly affected by a disorder not currently tested for in screening programs. It is important that their concerns and desires have a place in ongoing debates and decisions about the inclusion of disorders like FXS in newborn screening programs.
METHODS
The authors, with input from FXS researchers, parents of children with FXS, and staff from the National Center on Birth Defects and Developmental Disabilities of the Centers for Disease Control, developed and revised the survey used for this study. The survey and recruitment procedures were approved by the academic affairs institutional review board of the University of North Carolina at Chapel Hill. Surveys were mailed to (1) 85 families participating in a longitudinal study of development in children with FXS by the third author, (2) 400 families on the mailing list of the FRAXA Research Foundation, and (3) 50 parents who requested a survey in response to Web site announcements posted by the research project and FRAXA. Two surveys were mailed to each family, and mothers and fathers were instructed to complete the survey separately. The survey assessed (1) how parents found out about FXS, (2) the impact of the diagnosis, and (3) what they thought about different screening strategies for FXS and the issues associated with these strategies. In a companion article, we report data on parents' experiences in discovering FXS in their child. 21 In this study, we report the findings related to parents' beliefs about the desirability and consequences of more widespread genetic testing for FXS.
Descriptive statistics were used to analyze responses to closed-ended items. Correlational and univariate analyses were then used to determine whether variables related to gender, education, income, and religiosity (i.e., religious affilia-
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tion, frequency of religious activities, and importance of religious faith) predicted parents' responses. A systematic content analysis was conducted on the written explanations parents gave for their choices to the close-ended items. This analysis provided insights into how parents' experiences shaped their attitudes about screening and added contextual information for interpretation of the quantitative results. 37, 38 
RESULTS

Demographic characteristics of the sample
Excluding surveys from adoptive parents and stepparents, we received 442 usable surveys: 279 (63%) from biological mothers of an affected child and 163 (37%) from biological fathers. This represents 152 families for which both the mother and father responded, 127 families for which the mother only replied, and 11 families for which the father only replied. In terms of ethnicity, 416 (94%) respondents indicated they were "non-Hispanic white/Caucasian." The remainder of the sample included 8 African Americans, 6 Hispanic/Latinos, 3 Asian/ Asian Americans, and 9 parents whose ethnicity was unknown or diverse. Overall, the respondents were well educated, as 34.7% had taken some graduate classes or earned a graduate degree, 29.2% had completed college, and 27.7% had completed technical school or taken some college courses. Only 8.4% had a high school degree or less. In regards to family household income, 18.3% of respondents reported a yearly income of less than $51,000, 40% had an income between $51,000 and $100,000, and 40.5% had an income over $100,000 a year. Almost one-third (31.2%) of the sample reported being Catholic. The remainder who had some religious affiliation were Protestants (38.5%), Jewish (13.1%) or Other (6.3%). A majority (57.8%) reported that religious faith was important or extremely important to them and their family in daily life, 20.9% indicated religious faith was somewhat important, and 21.3% responded that faith was only a little or not important.
Timing for genetic testing
Parents were asked to indicate, on a 5-point Likert scale ranging from "strongly disagree" to "strongly agree," their opinion as to whether voluntary genetic testing for FXS should be offered to identify: (1) women as carriers of FXS before becoming pregnant; (2) women as carriers during pregnancy; (3) babies before birth; (4) newborns; or (5) children who experience developmental or behavioral problems. Parent responses are summarized in Table 1 . Overwhelmingly, respondents agreed or strongly agreed that genetic testing for FXS should be offered to women before conception (93%), for newborns (82.6%), or when behavioral or developmental problems are noticed in the child (95.9%). Responses showed more variability and uncertainty for carrier screening during pregnancy and prenatal testing of the fetus, but even so, about two-thirds of the sample agreed or strongly agreed that voluntary testing should be offered at these times. No important or meaningful differences between the responses of mothers and fathers were noted.
Parents were also asked to choose the one best time to offer testing for FXS. Responses to this question and representative comments are summarized in Table 2 . The majority of respondents chose "before a woman gets pregnant" (79.9%) as the best time to screen for FXS. The two most frequent reasons given in open-ended responses were that testing at this time would inform parents if they were carriers and provide information that would allow for reproductive choice. Some parents stated that learning they were carriers would lead them to explore adoption or the use of reproductive technologies. A few parents wrote that testing at this time would prevent abortion and the birth of children with FXS, presumably because they believed carriers would choose not to have children, and thus decrease the need for special services and care.
Only 3.9% of parents thought the best time for testing was "during pregnancy." Their reasons were that testing during pregnancy provided choices, prepared parents for the consequences of having a child with FXS, and was more practical than before pregnancy. Parents who chose "immediately after birth" (3.4%) thought newborn screening would allow early access to services and the information needed to make the best decisions for the child. Others thought testing at this time would prevent abortion, and that this was the most practical timing for screening. The 7% who chose "when the child is experiencing problems" believed that earlier testing might cause parents undue stress and worry, lead to termination of pregnancies, or cause an inability to accept the affected child. Among this group there was a sense that it was better not to know one's genetic inheritance until problems arise.
Effects on bonding
Parents were asked if they thought a diagnosis of FXS "during pregnancy" would make bonding more difficult, easier, or have no effect if they had not previously known about the possibility of FXS. Slightly over half (52.9%) believed that the diagnosis would have no effect on bonding, explaining that the child is their child no matter what and would be loved the same as any other child. Parents who indicated that bonding would be more difficult (11.3%) explained that the diagnosis might cause parents to worry about how to manage a child with FXS and the additional demands placed on the family. Some wrote that the diagnosis could engender negative emotions that might affect bonding. Those few (5.4%) who thought knowing would make bonding easier said that knowing the diagnosis would help them gain a better understanding of the child or cause them to spend more time with the child, thus facilitating bonding. Over a quarter (28.5%) of the parents were uncertain how bonding would be affected, stating they would most likely experience a range of feelings, both positive and negative, or that they were unable to judge never having experienced this situation. We also asked if bonding would be affected if they learned their newborn had FXS. The majority (60.2%) believed there would be no effect. Others thought it would be easier (9.3%), more difficult (10%), or were uncertain (18.6%) how bonding would be affected. Explanations for these choices did not vary from those given above for identification of FXS during pregnancy.
Carrier testing
Parents were asked if they would want to be informed, either during pregnancy or after birth, if their child was a carrier of FXS (as opposed to an affected child with the full mutation). Overwhelmingly, parents reported "yes," they would like to be informed of their child's carrier status during pregnancy (86.9%) and as a newborn baby (94.3%). Parents' explanations for why they would want to know were very similar for both times. They wanted to know as much as possible about their child so that they could make appropriate decisions and plans; they wanted to know because carriers might have learning problems; by knowing they could better prepare the child to deal with the diagnosis and understand the reproductive risks; and they could educate themselves and others about how FXS might potentially affect their child. Parents also indicated that knowing carrier status was important for their own reproductive future as well as for that of their children and relatives. The few respondents who did not want to know carrier status of the baby during pregnancy (6.3%) or after birth (1.6%) indicated that this information would not be relevant at these times and would create unnecessary stress. However, they stated they would want to know carrier status at a later time, especially when they would need to inform the child about reproductive risks.
Perceived outcomes of widespread genetic screening
Parents were given a 3-point Likert scale with choice options of "not at all likely," "somewhat likely," or "very likely," and asked to rate the extent to which potential outcomes of widespread genetic screening for FXS might occur. The results are displayed in Table 3 . For the most part, parents thought screening would result in more positive outcomes than negative outcomes. The most likely positive results would be that an early diagnosis would help them locate information about FXS, obtain services earlier, increase understanding of the child's special needs, inform relatives of their possible carrier status, and make informed reproductive decisions.
Parents indicated that the most likely negative outcomes would be increased worry about the child's future health and development, increased parental stress, and worry about how others might treat them or their children. Insurance discrimination and strained relations with extended family members were thought to be somewhat likely. Most respondents thought it more unlikely that getting the FXS diagnosis would disrupt bonding or that the test would endanger the child's health.
Not all demographic variables had enough variance to test for their effect on parents' responses, but those we did test for (gender, income, and education) showed no significant correlations. In general there was little variability in parent responses across any of the demographic variables. However, frequency of religious activities, importance of faith, and religious affiliation were modestly related to some of the variables Table 2 Parents' beliefs about best time to offer testing for Fragile X syndrome (n ϭ 442) When the child is experiencing problems 31 (7%) "I personally believe you should accept your child as is, rather than seeking information to prevent a certain type of pregnancy."
Other/don't know 15 (3.4%) "Should be offered when you get married-not everyone plans a pregnancy." "Whenever a woman wants it. It should be an individual choice." of interest. More frequent religious activity was significantly correlated to disagreement with genetic testing for mothers or fetuses during pregnancy (0.23 and 0.25, P Ͻ 0.05 for mothers; 0.31 and 0.28, P Ͻ 0.05 for fathers). Self ratings of the importance of faith were significantly correlated to disagreement with genetic testing during pregnancy among fathers (0.30 and 0.29, P Ͻ 0.05), and Catholic fathers were less likely to strongly agree to genetic testing for women before pregnancy (F ϭ 5.66, P ϭ 0.018).
DISCUSSION
This study surveyed a large cohort of parents residing in the U.S. who have children with FXS to examine their perspectives on genetic screening for the disorder and possible ramifications of widespread screening. Overall, parents strongly favored carrier screening for women, and newborn screening for both affected and carrier status. This desire to know newborn carrier status differs from an earlier study with a small number of female carriers of FXS who indicated that the optimal time of carrier testing was 10 years of age. 39 Results also indicated that parents thought benefits of screening were more likely than risks. Both closed-ended and open-ended responses attested to the desire of the vast majority of parents to know their child's affected or carrier status as soon as possible for future reproductive planning, to better understand the child, and for locating appropriate information and services.
Parents' responses did not vary significantly by gender, income, or education. This conclusion is limited by the fact that this respondent pool was primarily Caucasian and did not adequately sample very low-income families. However, an inspection of the small number of individual cases of minority and lower income respondents suggests that their responses are very much concordant with those of the larger sample. It is possible that having a child with FXS creates some commonality of experiences that cross-cuts these groups. This is not to indicate that all parents expressed the same beliefs. There were parents who did not agree with the predominant views, but these differences could not be predicted by ethnicity, education, or income status. Religious factors did decrease some parents' willingness to test for FXS during pregnancy, most likely due to their belief that this would increase abortions.
On the whole, parents in this study were optimistic about the benefits of screening and favored voluntary, widespread use of available screening tools. These perspectives place parents somewhat at odds with more conservative approaches to screening endorsed in human genetics and public health. Current screening principles do not promote testing for carrier status of children, for genetic disorders for which no medical cure or proven intervention exists, or for carrier screening for the purpose of informing reproductive decisions. 2, 27, 33 Traditional principles of newborn screening are currently being challenged due to the availability of molecular genetic analyses and tandem mass spectrometry (MS/MS) that allow screening for numerous disorders. [33] [34] [35] As these tests become commercialized through private laboratories and publicized through the media, consumer demands increase for expanded state screening programs. Proponents of expanded or supplemental testing argue that early detection provides information and interventions that can improve health and prevent disease, Table 3 Parents' beliefs about possible outcomes of widespread testing and early diagnosis of Fragile X syndrome (n ϭ 442) 40, 41 For many of these critics, the "new genetics" brings the threat of a "new eugenics" where an expansion of prenatal or newborn screening could lead to the elimination of individuals who carry certain genetic disorders or even propensities for disease or disability. [42] [43] [44] [45] [46] Another concern is that having knowledge of one's own or others' genetic makeup could lead to genetic determinism. Thus an affected individual's behavior and personality would be seen as the immutable products of biology, eliminating the influence of social and environmental factors in that individual's development. 47 Other risks include discrimination by insurance companies, workplaces, and other institutions; stigmatization of carriers, affected individuals, and families; and undue worry for parents, among other social and psychological ills. 40, [42] [43] [44] Even if one has a genetic diagnosis, providing risk assessment for individuals with known genetic disorders, even when caused by mutations within a single gene, is rarely straightforward. Risk assessment involves the multiple components of determining the chance that someone has inherited an altered gene, the chance that this alteration will produce a disorder, and the predicted severity of the symptoms. 48 Some critics argue that knowing about the genetic condition may endanger the parent-child bond or the child's self-concept, thus not knowing may provide a protective barrier for the child and family. 49 Furthermore, it is argued that genetic disorders are a family affair that affects extended, past, and future kin. Some relatives would rather not be informed of possible conditions. 48 Feminist critiques of testing note that women bear the primary responsibility of decision-making for testing and for the choices made based on testing results. Numerable researchers have documented how these choices are shaped and constrained by both implicit and explicit messages in genetic counseling, the tests themselves, and medical discourse. 50 -53 These critiques raise important issues that parents may or may not be aware of, or may or may not agree with, but these issues cannot be adequately resolved without the representation and perspectives of families like those in this study who have experienced firsthand the psychological and social ramifications of an inheritable genetic disorder.
One limitation of this study for matters of representation is that respondents were from highly selective groups (i.e., families on a mailing list for a foundation and families participating in a research project). Although there was a range of income and educational levels, a majority of respondents were well educated and higher income, and almost all were Caucasian. Thus, generalizations to all families in the U.S. population may not be warranted. Although parenting a child with fragile X syndrome may create some common experiences across social groups, there may be diversity in beliefs about genetic testing and widespread screening among members of different ethnic and socioeconomic groups that were not captured in this study.
Another limitation is that we did not survey other groups of parents for a comparative study of attitudes toward screening for FXS. We do not know if (potential) parents of typically developing children, or parents of children with other genetic disorders would respond similarly to our survey questions as did parents of children with FXS, but related studies suggest that these groups are largely favorable of screening for many genetic conditions. Polls done with large, national populationbased studies of U.S. adults indicate that about 75% would take a genetic test to see if they were carriers of potentially fatal diseases before having children and about two-thirds say they would use prenatal testing to detect genetic diseases in fetuses in the early stages of pregnancy. 54 Reviews of numerous studies done with small nonprobability samples of individuals who are carriers or potential carriers of genetic disorders show some variation in beliefs depending on the specific condition under question, but overall report relatively large proportions of these samples in favor of carrier and prenatal testing for a variety of genetic disorders. 54, 55 Further research is necessary to determine more systematically attitudes toward testing held by individuals with and without different disorders about different disorders, and the influence of religion, ethnicity, and education on attitudes. Through this research and through representation of parents from diverse groups, consumers can gain more of a voice in decision-making bodies and expand public policy debates on genetic screening.
